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LRROW WITH A 75' SWEPT =DING EDGE* 

By Joseph M. Hdlissy, Jr., end  Dennis F. Hasson 

An  investigation has been  concucted  to  determine  the  performance 
and  static  stability  characteristics of a rrrodel of a long-range  bomber 
intencied to cruise at Nach number 3 .O. This configwation utilized a 
wing hevir?g e 75O swep-lbeck  leeding  edge  and  having  camber  and  twisc to 
give n=>;irnum lift-drag  ratio at z lift  coefficient of 0.1. The  aspect 
ratio was 1.79 acd  the  taper  ratio 0. Wing  thickness  in  sectlons  normal 
to  Lhe  leading  edge  vzrled  between 8 and lk percent  chord.  Configura- 
tions  tested  included  the  wing  alone  and two com9lete  flying-wing  type 
configurations,  one having six  seperate  underslung  eraine  pods  and  the 
ot'ner  heving EL clustered-engine instalhtion  with coumofi inlet  6uc-iing. 

Tests  were  conducted at Mach numbers 2.36 and 2.87, through a range 
of angle  of  attack r?roro -bo to 10'. The  Reymolds  nunber  based on =an 
zerodynamic  chord wes sbout 4.2 X lo6 for  most t e s t s .  M2xim lift-drag 
ratios  at Mach number 2.87 -were 6.8 for the wi-n-e; alone, 6.2 for the com- 
plete  configuration  heving SLX uzberslmg engine  pods, a d  5.2 for the 
conplete  configwation  with  the  clustered-engine  arrangement.  These 
resLlts  are  below  the  anticipated  performame,  probably  because of unfs- 
vorzble  flow  conditions  on  the  ugper  s-mfsce. A l l  configurations w e r e  
longitcdinally  stable  and  trimxed  near  the  design  lirt  coefficient.  The 
two  coaplete  configurations, which -md vertical  half-delta  fins  mounted 
on the  wings  near  the tips, were  directionally  stable. 

INTRODUCTION 

In the  search  for  an  eirplaae  configuration  which  has a lift-drag 

supersonic  bomber, one gossibility  to  be  considered  is a configurstion 
incorporating a highly  swept  wing  with  subsonic  leeding  edges. Linearized 

t ratio at Mach  number 3.0 high  enough to be useA-1 as a long-range all-  

. 
* T i t l e ,  Unchssified. 

UNCLASSIFIED 
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theory  indicates  tinat  the  &a@;  due  to  lift  would  be  low  for  such e wing. 
Furthermore,  the  possibility  exists  that,  when  the  wing is cambered,  the 
confignation may be  made  stable and trimmed for  the  design  load  distri- 
bution.  This  arrangement would permit  the  elirnination of a horizontal 
stabilizer  and  the  attendant  trim and skin-friction drag. In addition, 
if  the  required  airplane  volume  is  incorporated  in  the  wing,  it would be 
possible  to  eliminate  or  minimize  the  fuselage  volume  with a further 
reduction  in  skin-friction  &rag.  Accordingly, as one  part  of a Langley 
laboratory  research  program on supersonic-bomber  designs  (refs. 1 end 2) 
a configuration  with  leading  edges  swept 75’ and  with  the  design  camber 
and  twist  cordition  at a lift  coefficient  of 0.1 was  laid  out,  and a 
wind-tunnel t e s t  program was planned to determine  whether  the  high  lift- 
drag  ratios  were  attaingble  ,experimentally and to  investigate  the  static 
stability  characteristics of such a wing. 

The  results  obtained  in  the  wind-tunnel  tests  at  Mach  numbers 2.36 
and 2.87 for  several  configurations  utilizing  this  wing,  including  results 
on the  wing  alone  are  presented. 

‘ SYMBOLS 

Tne force  and  moment  coefficient  data  are  presented  by using the 
sy5tem  of  axes shown in  figure 1. The  reference  center  for  the mment 
data is at  the  apex of the  wing  trailing  edge. 

wing  span, in. 

wing  mean  aerodynamic  chord,  in. 

drag  coefficj.ent, 

minimum drag coefficient 
ss 

drag  coefficient  at  zero  lift 

drag-coefficient  increment  used  in  correcting  measured  drag 
coefficient 

lift  coefficient, - Lift 
ss 

pitching-moment  coefficient, Pitching  moment 
qSE 

rolling-moaent  coefficient, Rolling  moment 
G b  

r 

I 
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cn yawi-n-g-monen-i  coefficient, mJ 
CY  leteral-force  coefficient, ss 

Yzwing  moment 

Lateral  force 

PI - 1! 
cP 

% 

pressure  coefficient, 
Q 

lir't-curve slope, per  6egree 

czlcueted as (cz) p=40 - (cz) p,,p c = -  
28 4 ' 8 

per  deg 

M 

9 1  

P 

9 

S 

X' 

Y' 

3 

fiee-strean  Mach  number 

local  static  sressure, lb/sq ft 

fYee-stream  static  pressure, lb/sq ft 

free-stream  dynamic  pressure,  0.7pM2, lb/sq ft 

total  wiag mea, (total  area  is  used  in  computing  force e ~ a  
moment  coefficients  for all configuretions,  including  the 
tips-off  configuration), sq ft 

P distmce along wing leadira  edge f r o m  the  leading  edge  apex, in. 

distmce from  wing  Leading  edge  measured  normal to %he  leading 
edge, S_n . 

upper-surface  ordinate,  measured normal to wing  reference 
pLme, in. 

lower  surface  ordinate,  measured  normal  to  wing  reference 
plane,  in. 

angle of attack of tie  balance  axis  (balance axis is 2O 
noseup  relative  to  tie wh-g reference  plene),  deg - * 
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P angle  of  sideslip, deg 

6e  angulzs  deflection of  wing t i p s  about t he i r  hinge  lines,  posi- 
d 

t i v e   t r a i l i n g  edge down, deg 

6, engulax  Cieflcction of rudciers, pos i t ive   t ra i l ing  edge left,  deg 

Subscripts : 

L l e f t  wing 

R r igh t  wing 

APPARATUS AID METHODS 

Tunnel 

The t e s t s  were corducted Fn the low Mach number ;est  section of the 
Lazgley k i t a r y  Plan WLnC Tunnel, which i s  a varicble-pressue,  contin- 
?-.ais, returz-flow  tunnel. The tes t   sec t ion  i s  4 feet square and approxi- 
m t e l y  7 fee t   in   l engt : .  The nozzle  leasir-g t o  the test section is  of 
Vie a s m e t r i c  sliding-block  type. The tunnel i s  equipped with a cen- 
tral support syszern which pem3ts remote control of the  angles of a t tack 
acd s ides l ip  of a sying-munced  nodel. 

Model and  Instrumentation 

The wing used ic this investigation was designed by C .  E .  Brown end 
F. E .  McLean of the Langley Aeronautical  Laboratory. The plan form of 
the wing was selected on tne basis of indications by the  lifiear  theory 
tha t  a t  supersonic  speeds lift can  be carr ied  erf ic ient ly  by an arrow 
wing having subso2ic  leading edges ( r e f .  3, p. 202, f i g .  A, l4m)  . The 
wing was cambere& and twisted  to  provide a design l i f t  coefficient of 
0.1 a t  Iflcl? mmber 3 .O by using the superposition  nethod of references 4 
and 5 an0  inposing  the  condition  that  the  drag due t o  l i f t  be a minirum 
for the plan form selected.  A 63A t'r_ic:hess distribution,  with  the  sec- 
t ions normal to   tne  leading edge, was tnen wrapped s-yrrmetrically  around 
the mean camber surface. The overall  thiclmess w a s  deter-dned by approxi- 
mate volume requirements  for a long-range bomber design,  rather thalz by 
structural  requirements. The spanwise -Lhic!mess dis t r ibut ion and the 
resul t ing  longi tudinsl   d is t r ibut ion 03 cross-section  areas  are shown i n  
figure 2. The ordinates of the  upser md lower surfaces  of  the wing are  d 

given i n  tab le  I .  The photogmphs or" a xood mock-up  of the wing presented 
as figure 3 are  pesen<;ed  to  help  in  visualizing  the  sur3ace  contours. 

" - 
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The wing was intended t o  be stable and t o  t r i m  st the  design  point 
without the use of euxi l iary  longi tudinel   s tabi l iz ing su_rfaces; there- 
fore,  the concept for   the complete airglane w a s  that of a f lying w5ng 
heving l i t t l e  or no fuselage End with a l l  required  internal volume pro- 
vided by the wir_g. Three-view  drawings  of several  of t i e  configurations 
investigated are shown i n  figure 4 and &dd i t ioml  geometric iietails are 
listed Fn table 11. Configurations  tested were the wing alone (wikh the 
mininun center body required  to  enclose t k e  bal-ce), .the wing alone w i t h  
Eovable t ips   o f f ,   the  wing with a rectangular body f a i r ing  on the upper 
surTace, the wing w i t h  two half-delta v e r t i c z l   f i n s  mounted 02 the upper 
suzfaces, a d  two comglete airplane  configurations w i t h  simulated  engine 
in s t a l l a t ion  and ve r t i ca l   f i n s .  One of these configuretions had s i x  
underslur-g s ingle  nods and a -parr of half-delta f i n s  mounted on the upper 
surface  (Tig. k(b) ) . The other had e c lus te r  of six engines with a com- 
mon underslung inle-i end ducting an& helf-delta f i n s  on both the usper 
end  lower surfaces  (fig.  h( c>  ) . The same wing ( f i g .   l ( a )  ) was used for  
each  configuration, zhe difrerences among the configwetions  being  in 
the  engine  instel la t ion,   ver t ical   f ins ,  md center body. The photographs 
of figure 5 show some of the test cocfigurations. 

The ve r t i ca l   f i n s  and nods vere positioned so as t o  be slim-ed w i t h  
the calculated  local flow a t  the desip- l i f t ing   condi t ion .  Inlet geone- 
try +or botln- tyges of simleted engine  instal la t ion was fixed at  the Mach 
number 3.0 concTition, and it w e s  deternined that flow i n   t h e   i n l e t s  was 
supersonic a t  almost a l l  test   conditiom,  the  only excepkion belng that 
the  outboard pods at large negat ive  a t t i tudes  my  not  have  been s ta r ted  
because of the large Slow angularity.  

The s ize  of  tine engine e x i t s  was such that t'ne e x i t  flow was choked 
throughout the test  speed ran-ge. In  order t o  determine the in te rna l  
drag, the exi t   pressures  were measured by either a total-pressure  tube 
jus t   ins ide  the exit ( in  the case of tile clustered  engine  instella3ion) 
or  a flush  static-pressure tube in the straight exit pipe  ( in  the case 
of the six-pod  engine in s t a l l a t ion ) .  

Forces zn6 moments were obtained on a six-conponent e l e c t r i c a l  
strein-gage balance mounted within the nodel. The model-balance assexribly 
was sting-nounted from the tunnel central-support  system. 

Tests 
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Vich nmber . . . . . . . . . . . . . . . . .  2.36 
Revnolds  nunber (based on E )  . . . . . . . .  4.3 x 10 4.2 x 10 

2 . 5 3 %  \D%/St 2.47 d 

" 
Stagnation  pressure, a t m  . . . . . . . . . .  0 -93 1.21 
D y n m i c  pressure,  lb/sq f t  . . . . . . . . .  560 kg0 
Stagnation  temperature , OF . . . . . . . . .  150 1-50 
De-oin-,, OF . . . . . . . . . . . . . . . .  -30 < -30 
Angles of attack, deg . . . . . . . . . . . .  -4 t o  4-50 -4 t o  4-10 
Angles  of s idesl ip ,  deg . . . . . . . . . . .  -4, 0, 4 -4, 0, 4 
Transition . . . . . . . . . . . . . . . . .  Fixed Fixed 

The t ransi t ion  s t r ips   consis ted of bands of s a d  3/32 inch wide 
spersely  apglied  to  the  surfaces  with a plast ic   ssray.  The grain s i z e  
was 0.010 inch to O.Oi3 inch  with  the  str ip  applied  at  5 percent of the 
loca l  streamwise ckord on the wing and at 8.5 percel t  of the chord on 
the  Tins. A few data were also obtained a t  Reynolds numbers of 2.5 x lo6, 
6 . 3  x 10 , and 8.2 x 10 , and  sone tests were made with natural t rans i t ion  6 6 

Additional  tests were reqLired for  pressure measurements needed t o  
evaluate  the  internal drag 2nd base  pressures.  In  order t o  grovide some 
i r s igh t  concerning  air-flow  conditions on the  wirg,  pressure  orifices 
were ins ta l led  and a l h i t e d  amolmt of presswe data was obtained on the 
wing alone. 

A flow-visualization  technique which u t i l i zed  a f luorescent   oi l  
Feinted on the  ving  swfece was also employed. The photograghs of the 
w i p !  surface, made w i t h  the tuncel in  operation,  indicate the areas or" 
attached antZ separated flow es well as the  air-flow  direction on the sur- 
face. The rnodei was translated forward and rearward in   the   t es t   sec t ion  
t o  obtain full pkotogr&sl.-ic  coverage of the w i p s ,  and the  resul t ing  pr ints  
were pieced  together  to form a cornsosite. 

Corrections and Accuracy 

The maximm deviation of loca l  Mach  number in   the   par t  of t he  turmel 
occupied by the  nodel .is f0.015 from the  average  value  given. The pres- 
swe  gred ien ts  are suf f ic ien t ly  s m l l  that no buoyancy correction is 
require&. 

The average  angularity of the flow in  the  region  of  the model was 
determined by comparing ir-verted end usright runs E d  the  angle of at tack 
corrected  accordingly. The engles of a t tack and s ides l ip  have been cor- 
rected lor balance-sting  deflection and are accurate  to  within fO .lo. 

8 

The izzternal  drag  has  been  subtracted  frox  the measured drag, and 
the data have a l so  been adjusted t o  the corsditior_ of free-stream  static 
pressure on the model base  an6 er?gir!.e 'oases. Eo corrections or adjustnents I 



de rek-iive to  the  boundary-layer  diverter drag of tne - tine  configuration. 

&d -on belzxe eccurzcy mci repestEbility or" data,  it is esti- 
* .&ci that  the  coefficients  are'sccurate  within the following  limits: 

cL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.003 
r; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l O . 0 0 0 ~  
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.0005 
c i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +om03 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~0.0003 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50.002 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.005 

TRESZKCATiON OF RESULTS 

Tine resuits of this  investigation itre  presented  in the  I'olloving 
figcxes : 

Schlieren photogmpizs of the nodel . . . . . . . . . . . . . .  
Corngosite of oil-film flov photographs of wing done . . . . .  
Pressme distribution on wing elone at  angles or' attack 
near  deslgn conation . . . . . . . . . . . . . . . . . . .  

Base, ckber, ami internel drag coefficients for  various 
zkodel  configurations . . . . . . . . . . . . . . . . . . . .  

Boundary-hyer-diverter  pressures for clustered engine 
configuration . . . . . . . . . . . . . . . . . . . . . . .  

Lorg;itufiinal c-Wacteristics of the  various model 
configurations . . . . . . . . . . . . . . . . . . . . . . .  

Effects of transition  at two Reynolds numbers on longi-itidinal 
c-hracterfstics of ~ T n g  alone at M = 2.87 . . . . . . . . .  

Variation of Ch,,ln with  Reynolds  nuznber f o r  fixed  and 
natural  transition on wing alone  at a Mach nmber 
of2.87 . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sunnary of longitudinal  characteristics of several  model 

Lateral  characteristics of various  model  con3igurations at 

Sideslip  derivatives Tor several  nodel  configmetions  at  Mach 

coni'iguretions . . . . . . . . . . . . . . . . . . . . . . .  
Mach nuber 2.87 . . . . . . . . . . . . . . . . . . . . . .  
number 2.87 . . . . . . . . . . . . . . . . . . . . . . . .  

.=? 
7 

8 

9 

10 

11 

I 2  

. 14 

. 1.5 

. 16 
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Performnce 

A t  Bbch nmiber 2.87, vhich is near  the  design speeb, the naximm 
l i f t -drag   ra t io   for  the wing alone is  6.5 ( f i g .  lk) . For the complete 
airglLqe  confi,wation v i t n  s ix  underslung  sods and uyper smface  f ins ,  
che value of (L/D)=. i s  6.2, and for the  conqlete  configuration wlth 
the  clxsterel!  engine  installation and both ugger and lower surface  f ins 
the valce (L/73)mx is 5.2. These auxbers ere aspreciably below the  
anticipated  levels,  and if will be  worthwhile t o  consider  briefly  the 
ceuse of this  d i f f e r e x e .  

Figure  i l(b) compares t'ne e w e r i m n t a l  data for  the wing-aloce 
conf igna t ion  with the  themetical   longitucinal  characterist ics  obtained 
i n  che desigr,  calculetions f o r  M = 3 .O. The bag-coefficient  polars 
inc?icate the t ,  althozgi.1 a l o w  LeTrel of minimun drag waa echieved,  the 
drag  dae 'GO lift for  ?d = 2.87 WES mch  higher than the calculated 
r e su i t  for i4 = 3 .00. &r-ihernGrc, theory  indicates Y i t  the l i f t -curve 
s l a p  a t  Ihch number 3.00 shoGid be  about 0.0253, but the present test 
r e su l t s  at M = 2.87 were about lfr percent beluw t h i s  value fo r  lift 
coefficients  us t o  0.1. Fro= these results, it is asparent that the 
wing i s  not  achieving iLs intended  perfcnxfince. It, 2s believed  that 
this deficier-cy is &e t o  urn-avarable flow conCitions on the Cpper 6w- 
face. The oil-filn flow pkrotograFhs of f i g r e  7 indicate z region of 
attached flov over  the forward Bor+,ion of "ne wing. Behind t h i s  region 
the f lm is  separated f ron  cne surface, as is indicated by the lack of 
scrxb3lng  an6  <?e erratic  oil-flow  yaths.  Or! each of the pressure  dis- 
t r ibut ions or" figure 8 i s  sham the leve l  of presswe  coefficient vhich 
corresgonds t o  M = 1.0 i n  the  direction  norm1 t o  the leading edge, 
and it can  be  seen tha t  +,his v d u e  of the  Fressure  coefficient is 
exceeded a t  every  station. The flew s q a r a t f o n  is  therefore  probably 
essociated w i t h  tlie existence of sugercr i t lcal  flow (ir, a direction  nor- 
tmi t o  tine leading eQe) and a-ltendzrrt  shock waves  on the upper surface. 
The rectangular bo&v fair ing,  shown i n  figures 4(a) and 5(b), was added 
t o  +,he upger surface  in   an  effor t   to  nove the wing shock weve nearer 
the leading edge an& thereby t o  weaken the shock wave and reduce the 
mount 05 sesaratioc.  110 conclusive  visual  evidence of flow changes 
were obtained, bizt force &ate (fig. l l ( c )  ) shows a reduction of maximm 
l i f t - d r a g   r s t i o   t o  6.4, so  th8.t m y  gains were !nore than  offset by 2 
loss of l i f t  o r  an  increase of eag,  or both. 

I 

Although the perfarnance of the  best  conplete configmatLon of t h i s  
i nves t iga t im  is  below i ts  estin-ated  design  capability, it should be 
pointed o ~ t  t'mt the  mximm  l if t-drzg  retios  obtained  are comparable 
with  those  obtained on other confi@;il_retionS FntenCed for the  long-range 
airplane (refs. 1 ana 2) . L 

- 1  



2Y . 
Longitudinal S tab i l i t y  

For che cezter-02-gravity  position used i n   t h e  dzta reduction, all 
configuations  (except tine configmation  with wing tiss of f )  were iongi- 
tadinzily  stable  throughout  the  IfTt end Wach number range of the  tests. 
'The s t a b i l i t y  r"or the wir-2 alone w a s  not 8 s  great, however, as the calcu- 
lated v d " e  ( f i g .  l l ( b ) ) ,  the  calculated  aerodynanic  center  being  about 
0.12E a f t  or" the experhenta l   loca t ion .  All configuretioss showed reduc- 
tions of s t a b i l i t y  above CL = 0.2, but none becane unstsble within  the 
test range. 

The e f f c c i i v e x s s  of the   t ips  as e longitu6inal trim device is  indi-  
cated by comparing figures ll(g) a d  ll(h). At M = 2.87 e tip deflec- 
t ion  of -5O increased the tr in l i f t   c o e f r i c i e n t  from 0.090 to 0.155. 

Lacera1 and Direct ional   Stebi l i ty  

Tests t o  determine e f f ec t s  of sideslip,   rusder  deflection, and 
JpgosFte tip deflect ion were made only a t  14 = 2.87. All configurEtions 
had Dosit ive  effective  dihedrel ,  -C t P ,  thrmghout  the  angle-of  -attack 

rer?ge (fig. l5), although the locat ion end mount of fin and  PBcelle 
8ree &fr"ecied the ragnicude, as would 5e expected. 

The bzsic wing-alone configdration had neu t r a l   d i r ec t iona l   s t ab i l i t y  
throdghoL;t zk.2 angle-of-etteck  range, so that  the  aOdition of Tins m d  
ne-ceiles alwe-ys resulced i n  posi t lve Cy, Pigme 16. Variations w i t h  
zngle of e t tack  were &bout 8 s  d g h t  be  anticlna-led: a ra ther  severe 
decrease as a increased when only the upper-surface f ins  are mounted, 
but flzt-ier cmves fo r  the other  cocfigurations havLng nacelles or  f in s  
below the wicg. 

Langley AerocAutical  Laboratory, 
National A&visory Conzittee for Aeronautics, 

Langley Field, VEL., Nay 7, 1958. 
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NACA Rep. 1226, 1935. (Supersedes NACA RM ~ 5 ~ 0 8 . )  

5 .  Grant,  Frederick C. :  The Praper Combination of L i f t  Loadings for  
Least Drag on a Supersonic Wing. NACA Rep. 1275, 1956. (Suger- 
sedes NACA TN 3533. ) 
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[4ll dimnsiom are in inches.  Ordinates to the upper a d  lover surfaces, zu 
and zz, are neeswed nornal to  the =kg refererce p7-e which is parzllel to 
tAe -%ee stream  when  +he TflLcg is Et  the design attitude.  Ordt-lases are posi- 
tive uprzrd. 1 

X I  = 3.0 

0 .Ooo 
.030 
.060 
.I20 
.152 - 305 
.381 - 537 
.617 
-696 
.857 

1.020 
1.101 
1.185 
1.352 
1.608 

1 .I49 
1.209 
1.268 
1.319 
1 A16 

1.617 
1.518 

1.710 
1 :81k 
1.926 
2.046 
2 :I98 
2 .393 

XI = 6.0 

0 *594 
.6& 
-732 
.797 
833 
362 

1.019 
1 .n6 
1.163 
1.206 
1.267 
1.367 
1 .bo6 
1 .Q2 
1.yxl 
1.568 

1 1.149 
1.118 
1.122 
I .131 
1.163 

1.2% 
1.203 

1.308 

.581 - 591 

.710 

.744 

0 .ooo 
-045 - Ogo 
-135 
.227 
.341 - 572 
.689 

1 .044 
1.164 
1.286 
1.529 
1.653 
1.902 
2.028 
2.19 
2 -283 
2.412 

t 
0 .Ooo 
.O& 
.120 
.240 
.302 
.455 
.762 
.918 
1.076 
1 - 391 
1.553 

2 - 039 I .713 

2.204 
2.537 
2 -705 
3 .w 
3 215 

0 -272 o -272 

A74 .219 
-548 .2m 
.614 203 

.767 -182 .e2 -167 

.8gg .162 

.926 .1jj I .960 -135 

.968 .?20 
*951 -065 
-917 .010 
.864 -.065 
-786 -.155 

-386 .23l 
-438 221 

-725 -188 

-698 "255 

x' = 12.0 

0.125 

-.207 -620 
- -179 - 6 ~  
-.x23 .530 
-.og6 .566 
"069 -537 
-A20 .458 
.008 -398 
.020 365 
.051 .290 
.069 -239 

0.125 

-609  -.296 
-621 -.234 

-596  "329 
-536 

-.480 .480 
-.&I9 

-.e63 .u.g 
-.TO5 .2& 

0 .ooo . Ogo 
.LBO 
.270 
.362 

I. 683 
.g12 

1-37" 
1 A13 
1.850 
2.328 
2 * 570 
2 .813 
3 - 305 
3.554 
3 .a3 
4.565 
4.823 

0 -081 
-201 
.251 
287 
.344 
.390 
.419 
.429 
.422 
.410 
.372 

-308 
.3b 

.224 
-173 
-113 

- -053 - .322 
X' = 18.0 

o .og6 
.225 
.282 
.320 
.345 
.395 
392 .w 

* 309 
.266 
.156 
.098 

-.131 - .219 - .317 - .a1 - -755 

,029 

0.081 . Olk 
-.OB - 035 
- -075 - .125 - - 174 - -276 - - 327 - .380 - A88 - .*o 
- * 596 - -707 - .765 
-.&5 

-1 -208 
- .975 

0 .og6 
.OX - -002 - .026 
-.OW - .150 - -23L - .390 - -471 - -551 - .704 - .780 - -858 
-1.010 
-1.086 
-1 .164 
-1 *395 
-1.k70 



TABL3 I. - WING ORDINATES - Continued 

Y' 21 ZU 

X' = 33.0 

Y' ZU Z l  

x' = 21.0 I 
I X '  = 27.0 

0 .ooo 
.lo3 
.210 
.317 
.423 
.528 

1.065 
1.335 
I. 881 
2.159 
2.717 
2 999 
3 .282 
3 * 857 
k .146 
4.733 
5 -327 
5.627 

0. log 
,250 
.3%5 - 332 
.381 
A00 
.bog 
-375 
.247 
.16g - .020 - ,119 - .227 - .4:8 - .5&l - .824 

-1.069 
-1.186 

c . log 
-039 
.010 

- .014 - .041 - .058 
- 239 - .341 
- .553 - .661 - .874 
- .?77 

-1.075 
-1.267 
-1.346 

-1.621 
-1.682 

-1.439 

0.118 
* 293 
.365 
.419 
.4& 
.502 
.478 
.415 
.334 
.220 
.074 - ,259 - .489 

- * 903 
-1.288 
-1.453 
-1.531 
-1. 702 
-1.789 
-1.838 

0.118 
.038 
.004 - .028 

- 093 - .I80 - -285 - .bo0 - .326 - .061 - .805 
-1 114 
-1.272 
-1.532 
-1.762 
-1.837 
-1.882 
-1. goo 
-1.894 
-1.867 
1 

0 .lo1 
,003 - .031 - .066 - .099 
-135 - .228 

- -338 - .436 
- -585 - .719 - .863 

-1.022 
-1.191 
-1 371 
-1.59, 
-1 739 
-1 .go5 
-2.021 
-2,033 

0 .ooo 

.401 .332 

.315 .163 
0.101 

.663 .5or 

.831 .528 

.497 

.5u 1.673 
549 1.250 

.45g 

2.097 

- .Ob5 3.392 
.152 2.957 
.312 2.526 
.432 

0 .OOO 
.I35 
.270 
.407 
.6& 

1.023 
1.368 
L .716 
2 .067 
2.420 
2.775 
3.492 
3 .a55 
4.587 
5 *331 
5.706 
6 .OS 
6.465 
5 . a 9  
7 . 2 j k  x' = 2L.o 

0.117 1 
.04i j 
.Olb 1 - .Olk I 

- -072 i - .I56 ! 
-.360 
-.&a3 i - .611 
-.s82 i 

-1.013 ! 
-1.260 i 
-1.373 I 
-1.475 
-1 A38 
-1.70k 
-1.805 
-1.832 

-.Ob& i 

- .7k9 i 

I 

T 
I 
I 

- 

: I  = 36 
0.085 

.308 

.400 

.463 

.508 
9 537 
-558 
505 

.bo5 

.268 . 084 - .146 - -422 
- -725 
-1 -039 
-1.384 
-1 -730 
-1 .I835 

0.000 0.117 
.278 
.338 
.384 
.419 
.Ul 
A62 
-395 
.324 
.224 
.lo8 - .021 - .161 - .462 

- .615 
- .767 

-1.209 

-1.568 

-1.058 

-1.470 

X' = 30, 

L 

0.113 
.311 
.359 
A46 
.k86 
.335 
.50b 
.437 
.336 
.200 
.032 - .179 - .414 - .662 

- .921 
-1.184 
-1 A33 
-1.629 
-1.788 
-1.989 

0.113 
.020 - .013 

- -050 - .o% - .210 - -320 - .444 
- -569 - -707 - .854 

-1 .Olk 
-I .185 
-1.346 
-I. 514 
-1.670 
-1.805 
-1.893 
-1 -952 
-1 - 992 

0 .ooo 
.le0 
.362 
.542 - 725 
.905 

1.364 
1.824 
2.289 
2 0756 

3.699 
4.176 
4.656 
5 -139 
5 -627 
6.117 
6 -255 

3 -225 

o .085 - ,015 - 053 - .os3 - .118 - .151 - .2k2 - 347 - A 6 1  - -583 - .710 - -848 
-1.004 
-1.171 
-1 - 357 
-1.562 
-1. 779 
-1.835 

0 . 000 
.150 
.300 
A52 
.603 

1.521 
1.307 
2 -297 
2 A88 
3 -083 
3.480 
3.881 
4.283 
4.589 

5.508 
5 -097 

5 - 922 
6 -341 
6.930 

.909 
1.526 
1.838 
2 .i51 
2.466 
2.784 
3.104 

4.077 
4.407 

5.408 

6.431 

3 - 732 

3.072 

6.087 

L L 



i Y '  I zu I = z  

0 .om - 195 
-392 
.588 
.785 
.981 

1.478 
1.977 
2.480 
2.985 
3.495 
4.008 
4.524 
5 -045 
5.568 
5.877 

X"= 39.0 

o -067 
- 391 
.k$ 
-499 
.526 .* 
.485 
-363 
.204 - .008 - -268 - .572 - .899 

-I .235 
-1 .w 

294 

x' = 42.0 

0 .om 
.210 
A22 
.633 
.&5 
1.058 
1.5% 
2 .I29 
2.670 
3.215 
3 ;7& 
4. .316 
4 .872 
5 -432 
5 A56 

o .046 
* 277 
.3& 
.445 
.493 
. P O  
.529 
.435 
.314 
.=7 - .m - .399 - .72k 

-1.072 
-1 . o s  

~ ~ ~~~~ ~ 

X' = 45.0 

0 .Ooo 
.254 .225 

0.020 

.4P 

.678 
.356 

.464 .905 

.420 

1.133  -4% 
1.704 .500 
2.280  .402 
2 .a61 

.024 3.444 

.240 

4.625 - .534 
4.967 - .716 
4.032 - .231 

o .067 
- .06 j - -093 - .I22 - .152 - .238 
- .354 - .439 - .gL8 - .665 
-.m - .g58 
-1.135 
-1.327 
-1.447 

- -030 

o .046 - .& -.on - .lo6 - .131 - .I59 - -231 - - 313 - .u2 - .496 - .595 - .726 - .e94 
-1 -081 
-I 089 

0.020 - .063 - .os% - .log - .l29 - .I47 - -203 - .266 - 332 - .bo7 - .p1 - -632 - -719 

Y' z l  G! 

0 -000 
240 
.482 - 723 
.966 

I .208 
I .a8 
2 -433 
3.051 
3.674 
4.30l. 
4.380 

0 .Ooo 
-255 
.5= 
.768 

1.026 
1.284 
1 - 932 
2.585 

3 .&I 
3.242 

0 .Ooo 
.270 
.92 
-813 
1.086 
1.359 
2 .a46 
2.634 

X' = 48.0 

-0 .oog 
.216 . 310 
.376 
-418 
.439 
.435 
.3~6 
.132 - .og8 

- .359 - .379 

-0 -009 - .074 - .O@ - .lo1 - .111 - -120 - .146 - .I80 - -224 - 289 - .382 - .3& 
x' E 51.0 

-0 -038 
.164 
.248 

.347 

.362 

.335 

.200 - .005 - rn 131 

x' = $.o 

.310 

-0.038 - .07k - .076 
- -068 - .062 - .043 - .055 - .lo1 - .I% 

- -073 

-0.075 - .078 - -056 - -035 
-.OIL 

.o& 

.013 

.076 
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ktat ions  are   inches rearward of  wizg-leading-edge asex] 

Center-of-gravity  locatim: 
SLosgicudinal . . . . . . . . . . . . . . . . . . . . .  Station 27.98 
WDistance below the  wing reference ?lene. i n  . . . . . . . . . .  1.86 

w i n g :  
Area. Total  igcluding  tips. sq r"t . . . . . . . . .  
.Spzn. i n  . . . . . . . . . . . . . . . . . . . . . .  
Aspect rat i o  . . . . . . . . . . . . . . . . . . .  
%per r a t i o  . . . . . . . . . . . . . . . . . . . .  
Sweepback  of leediag edge. deg . . . . . . . . . .  
Total   length  in  s t remise  direction.  nose to wing 

.Root chord., i n  . . . . . . . . . . . . . . . . . . .  t i p .   i n  . . . . . . . . . . . . . . . . . . . . .  
. Xean aerodynanic chord. i n  . . . . . . . . . . . . .  
Mem-aeroZynamLc-chord lateral location.  in . . . .  
Area outside of t h e  upger v e r t i c a l   f i n s  (or movable 

area). t o t a l  ?or both siaes. sq f i  . . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  
t i p  . . . . . .  

55 -97 
27 *98 
20.43 

0.562 

5.497 

Vert icel   f ins   (appl ies  zo e i t h e r   u F e r  or  lower except as noted) : 
Aree. each  usper  fin. sq 13 . . . . . . . . . . . . . . . . . .  0.283 
Area. each lower fin.  sq f %  . . . . . . . . . . . . . . . . . .  0.255 
Height. in . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.859 
T q e r  r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Sweepback of the 1eadin.g edge relatFve to the l oca l  wing 

chsrd. Ceg . . . . . . . . . . . . . . . . . . . . . . . . .  30.0 
. M e a n  aerodynamic  chord. i n  . . . . . . . . . . . . . . . . . . .  7.92 
Root  .chord. in . . . . . . . . . . . . . . . . . . . . . . . . .  11.88 
LongitMinal  location of root  chord d s p o i n t  . . . . .  Stat ion 43.39 
Lateral locszLor?  of root  chora  ddpoint from plane of 

symaetry. ir? . . . . . . . . . . . . . . . . . . . . . . . . .  9.564 
Toe-ic of lower f ins .  aeg . . . . . . . . . . . . . . . . . . .  4.50 
Toe-in or" upper fins.  deg . . . . . . . . . . . . . . . . . . .  -4 . 50 
Airfo i l   sec t ion   pare l lex   to   loca lv ing  

chord . . . . . . . . . . . . . . . . .  5-percent-thick  circular a r c  

Circular  fuselage  (used with wirg  alone  configuration 
six-pod configuratioa) : 
Average nose-cone half.aqgle. deg . . . . . . . . .  
Location of the forward em3 of t he  

cylirdrical-section . . . . . . . . . . . . . . .  
Location of the  cylina"ica1 base . . . . . . . . .  
Cylindrical-section d+wneter. i n  . . . . . . . . . .  
Base amulus  area. sq ft . . . . . . . . . . . . .  
Chamber mea. sq f t  . . . . . . . . . . . . . . . .  
Inc l imt ion  of cyl inder   re ls t ive  to  wing reference 

.. plane. deg . . . . . . . . . . . . . . . . . . .  
.. 

and 

. .  

. .  
* .  . .  . .  . .  
. .  

with 

. . . .  2.6 

s t a t ion  23.37 
Station 35 . 1-7 . . . .  2.250 . . . .  O.OOg8 . . . .  0.0218 

. . . .  2.00 



1 

. 

Engine sods used a i t n  six-pod configuratiox 
Length, i d e t  spike t i p  to e e t  . i n  . . . . . . . . . . . . . . . . . .  8.557 
Length, i a e t  l i p  to exit . jll . . . . . . . . . . . . . . . . . . . . .  6.732 
Maximm dieneter,  in . . . . . . . . . . . . . . . . . . . . . . . . .  1.2% 
Capture mea,  ger  pot, sq ft . . . . . . . . . . . . . . . . . . . . .  0 A056 
&it area,  per pod, sq ft . . . . . . . . . . . . . . . . . . . . . .  0.0041 

Lorzgitudinal l oca t im  of W e t  s g i k  kip: 
. Base annulus mea. per god. sa_ et . . . . . . . . . . . . . . . . . .  0 . 0036 ” 

Inbozrd p&s . . . . . . . . . . . . . . . . . . . . . . . . .  Station 28.62 
Center pods . . . . . . . . . . . . . . . . . . . . . . . . .  Station 35.07 
Outbozrd pods . . . . . . . . . . . . . . . . . . . . . . . .  Stztion 40.42 

Inboard pods . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.70 
Center pods . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.24 
Outbozrd p&s . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.78 

Inboerd gods . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.28 
Certer gods . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.28 
Outboare pods . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.28 

p l e z ~ .  nose u.m.erd. deg: 

Ceater pods . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.92 

Leterzl   locstion of Lalet sskke t i p  from %he plene of symnetry. i n  . . 
Distance of M e t  spt-ke t l g  below lower w i n g  surface. i n  . . 
Inclinetioll of the pod center line relative to the  w i n g  reference 

liioomd POCIS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.25 

OUtbOWdgod~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  -0.33 
Toe-io angle of the god center  line. deg: 

Inbomd pods . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.66 
Center pods . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.66 
Outboerd pods . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.21 

Sweegback of 1 e W - g  and trailing edges relat ive t o  the local 
w i n g  . surface . deg . . . . . . . . . . . . . . . . . . . . . . . .  00 

Chord para l le l  -io the locel surface. k . . . . . . . . . . . .  4.00 
Airfoil   section  paxallel   to  the  loca 1 wing 

surlzce . . . . . . . . . . . . . . . . . .  3-percent-thick circular 6;pc 

Pod support s t ru t :  

Clustered  engine  inlet-duct assembly: 
Loczt ionofbase . . . . . . . . . . . . . . . . . . . . . . .  
Length of assezfbly, i n  . . . . . . . . . . . . . . . . . . . .  
M . height of assedly .   in  . . . . . . . . . . . . . . . .  
haXimm width of asse!zb’ly. i n  . . . . . . . . . . . . . . . . .  
Cepture mea. t o t a l  for both  sides. sq f t  . . . . . . . . . .  
Exit area. t o t a l   f o r  foux exits. sa_ r’t . . . . . . . . . . . . .  
Base mea. sq f t  . . . . . . . . . . . . . . . . . . . . . . .  
C-ber area. sa_ ft . . . . . . . . . . . . . . . . . . . . .  
Met-remp wedge angle. &eg . . . . . . . . . . . . . . . . .  
Sweegback angle of upper and lawer inlet lips. deg . . . . . .  
Angle of the forward gart of the  duct  outer  side w a l l  re la t ive  

the   g lme of synmetry. deg . . . . . . . . . . . . . . . . . .  
Boundzzy-layer-diverter wedge aagle . deg . . . . . . . . . . .  

. Station 3L.22 . . . .  19.27 . . . .  2.588 . . . .  3.934 . . . .  0.0288 . . . .  0.0208 . . . .  0.0168 . . . .  0 . 0192 . . . .  6.00 . . . .  65.65 

. . . .  5.48 . . . .  9.44 

L L.0 
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Figme 1.- Axes m e d  for data presentation. 



NACA RM L5-1 

0 10 20 30 40 50 57.92 
Dlstance along leading edge, lnches 

(a) Thicb-ess distribution. 

- 
Distmce arft of aose, inches 

(b) Cross-sectio: area distribution (sections nomil  to the longi- 
tudinal a i s ) .  

Figure 2.- Wing thickness. 
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L-58-502 

L-58-303 
Figure 3.- Photographs of a wood mock-up of the  xing  showing upper- 

surface contours. Sections  indicated are normal to the leading  edge. 
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0 

Moment center 

Section A-A 

_""" 

"- 27.90". I 
"- 55.97 "" i 

"- 
2' 

" _Y 

(a)  Wing  alone with rectangular body fairing on upper  surface. The basic test configuration 
was the same but with  the  rectangular  fairing  removed  (circular body fairing  only  used) . 

Figure 4.- Three-view drawings of the test  configurations. 



.- - 

Nol,e: Powble  wing t i p   i n c h d e a  al l  
area  outboard of ver t i ca l  f i n  

- .- 27.98- -. 

I- . .55.97""-- ."-.- --- 

Wing reference 
plane 

Rudder 4 

(a) Complete-airplane  configuration with six underslung pods and  upper-surface  fins. 

R) 
0 

L .t  

I 
UI 
t? 

N 
P 

Figure 4.- Continued. 

1 t 
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Sectlon A-A 

I-" 55.97- -1 
- Wing reference 

plane 

- 

(c) Complete-airplane configurat:Lon with clustered engine installabion and upper- and lower- 
surface  fins. 

Figure 4. - Concluded. 
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(a) Wing alone. L-57-55Go 

(b) W i n g  alone with rectangular body fairing. L-58-300 

Figure 5.- Photographs of several model  configurations. 

. 
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L-58-826 
(c) Corn2lete airplme con2iguration with underslung pods and  upper- 

surfzce  fins. 

L-57-5614 
(a) Complete airpla-e confFguration  with  clustered  engine  installation. 

Both upper- and  lower-surface  fins  are  skewed so as to be aligned vith 
local air f low at  design  lifting conditions. 

Figure 5.- Concluded. 



" 

(a) Wing alone. L-38-1673 

Figure 6.- Schlieren photographs of the model. 

I 



. I , 2- 

I I 

M:2.3G; 1 1 ~ 2 . 2 ~  M.2.36; ~ 2 . 2 ~  

I I 
(b) Complete model with six underslung pods and upper-surface fins, 6, = Oo. L-38-1674 

Figure 6.- Continued. 

UI 
N 
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I 

M=2.36; a=2.5O 

M=2.87; a=2.2O 

L-58-1673 
Complete model with clustered  engine  installation. Both upper- and 

lower-surface fins. 6, = oO. 

Figure 6 .- Concluded. 
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NACA RM L58E21 

!A = 2.36 

I 

M = 2.87 

L-58-1676 
Figure 7.- Oil-film-flow photographs of the wing aloae.  Fixed transi- 

tton, CL - 0.1; R * 4.2 x 10 . 6 
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.:I-, \ 

I I 

(a) M = 2.36. 

Figure 8.- Pressure distribution on wing alone at angles of attack near , 
design condition. .. 
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(b) M = 2.87. 

Figure 8.- Concluded. 
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W in0 alone 
o t a l  correct   ion 
ase  annulus 
ase chamher 

Wing w i t h   f i l l e r  block 
o T o t a l   c o r r e c t i o n  

-12 -8 -4 0 4 8 12 16 

M = 2.36 M = 2.87 

Figure 9.- Variation of base, chaniber, and internal drag coefficients with angle of attack for 
various model conPigura-tions . 
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S I X  pod  confinurntion 
Total  correction 
Model  bare  annulus 
Dase  ohamber 
Nacelle  base  annulus,  Inboard 
NllCRllR bnse annulus.  centsr 

- . U U A  Clustered  englne  configuration 
0 Total  correction 

Figure 9 .- Concluded. 
W r 



32 NACA RM ~ 5 8 ~ 2 1  

Sect ion through tine boundary layer 
d iverter   or i f  ices (between  the 
r ing  and the  clustered  engine 
in le t   duc t ing)  I I 

'"0 2 4 6 8 10 12 
Distance   af t  of in le t   l eading  edge ,  inches 

Figure 10.- Boundary-layer-diverter  pressures  for  clustered  engine 
configuration. 



(z) Wing with t ips  removed. 

33 

Figure 11.- Longitudiml characteristics of the vzrious nodel 
configurations. 
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CL 

(a) Concluded. 

Figure 11.- ContFnued. 
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(b) Wing alone. 

Figure 11.- Continued. 
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(b) Concluded. 

Figure 11.- Continued. 
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(c) WFng w i t h  rectangular body fairing. 

Figure 11.- Continued. 
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( c )  Concluded. 

Figure 11.- Continued. 
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01 

de 

(a) Wing w i t h  upper-surlace fins. Sr = 0'. 

Figure 11.- Continued. 
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(d)  Concluded. 

Figure 11.- Continued. 

NACA RM. I98321 
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(e) Wing with upper-surface fins deflected. Er = 5'. 

Figure 11 .- Continued. 
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(e) Concluded. 

Figure 11.- Continued. 



NACA RM ~ 5 8 ~ 2 1  43 

(f) Wing w i t h  upper-surfece fins and oppositely  deflected wing t ips .  
%, L = -50; 6,,.+ = +50. 

Figure 11 .- Continued. 
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C L  

( f) Concluded. 

Figure 11.- Continued. 
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( g )  W i n g  with six underslung  pods and upper-surfece vertical fins. 
6, = oo. 

Figure 11.- Continued. 
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(h) W i n g  w i t h  six underslung pods and usper-su-rfece vertical 
8, = -p. 

Figure 11.- Continued. 
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fins. 
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(h) Concluded. 

Figure 11.- Continued. 
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(i) Concluded. 

Figure 11.- Concluded. 

NACA RM L58E21 



(a) R = 4.24 x 10 . 6 

Figure 12.- Effects of transition at two Reynolds mmibers on nitch char- 
acteristics of wing elone at 14 = 2.87. 



(a) Concluded. 

Figure 12.- Continued. 
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(b) R = 8.20 x 10 . 
Figure 12.- Coctinued. 
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(b) Concluded. 

Figure 12.- Concluded. 
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Figure 13. - Var:Lation 

R 

of Cb,dn with Reynolds number for  fixed and natural 

alonc a t  a Mach number of 2.87. 

x lo6 

transition on wing 
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Figure 14.- S- of the 1ongitud.ina.l characteristics of several model 
configurations. 
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Cn 

(a) Wing alone. 

Figure 15.- qateral characteristics or' the various model configurations 
at mch nmber 2.87. 
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(b) Wing with upper-surface f in s .  8, = 0'. 

Figure 15.- Continued. 
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.Ol 

O C" 
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(c)  W i n g  w i t h  upper-surface f ins   def lec ted .  6, = 5 O .  

Figure 15.- Continued. 
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(a) W i n g  with  upper-surface  fins and oppositely  deflected wing t i p s .  
6,,& = -50; = 5 O .  

Figure 15.- Continued. 
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Figure 1-5. - Continued. 
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.02 

.o I 
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.02 

( f )  Wing with clustered engine installation with upper- and lower- 
surface f i n s .  B ~ .  = o O .  

Figure 15.- Concluded. 
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Figure 16.- Sideslip  derivatives for several model configurations at 
Mech nmiber 2 .@. 

NACA - Laagley Field, VI. 


